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INTRODUCTION . i  i  ,  

i  i  
The non- int rus ive subsurface evaluat ion for  the above pro ject  has been 

completed.  Procedures ut i l ized consisted of  a res is t iv i ty  survey and u t i ­

l izat ion of  a metal  detector .  Discussion of  the speci f ic  test  procedures 
i 

ut i l ized and a summary of  the informat ion obta ined are presented in  the 

fo l lowing sect ions of  th is  report .  

! 

The waste d isposal  s i te  is  located a long the center  of  a r idge located 

nor thwest  of  the ex ist ing Syntex fac i l i ty  in Verona,  Missour i .  The 

ex is t ing p lant  fac i l i ty  is  located in  the Spr ing r iver  f lood p la in,  near 

the south val ley wal l .  The waste d isposal  s i te  is  located across the r iver  

and on the nor th val ley wal l .  At  th is  locat ion the Spr ing r iver  runs f rom 

southwest  to  nor theast .  The r idge on which the disposal  s i te  is  located is  

or iented on a nor th/south l ine and terminates approximately 400 feet  south 

of  1 the s i te.  • i  .  .  j  

I t  is  our understanding that  f ive t renches ranging in length f rom 60 feet  '  I  

to  in excess of  400 feet  were excavated in  the s i te.  The t renches were 

excavated by a dozer and had widths of  approximately 8.0 feet .  Based on 

avai lable informat ion,  depths of  t renches range f rom 6.0 to 10.  feet .  For 

purposes of  ident i f icat ion,  the t renches have been numbered 1 through 5 
i I  

w i th Trench 1 being located at  the west  edge of  the s i te and Trench 5 being 

located at  the east  edge of  the disposal  s i te  and near approximate center  
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l ino of  the r idge.  I t  is  our understanding,  based on avai lable p lant  

operat ion records and records of  grading contractors who excavated the 

t renches,  that  waste mater ia l ,  possib ly  conta in ing d iox in,  is  contained 

only In Trenches 4 and 5.  

1 i  

A fenceisurrounding Trenches 4 and 5 was" erected pr ior  to the non- int rus ive 

survey.  The fence was used as a means of  referencing a l I  s i te work. '  The 

fence located to the east  and paral le i  to  the t renches was assumed to be on 

a nor th/south l ine and is  designated as s i te north.  Ai l  survey l ines were 

establ ished paral le l  to  th is  l ine.  Distances along the respect ive survey 

l ines were referenced to the fence located to the south of  the t renches.  

The purpose of  th is  report  is  to present  data obta ined dur ing the non-

int rus ive s i te survey,  to  analyze and evaluate the test  data and to  make 

recommendat ions regarding establ ish ing a scope of  work for  the int rus ive 

phase of  the invest igat ion.  | 

NON-INTRUSIVE EXPLORATION PROCEDURES 

Non- int rus ive test  procedures consisted of  the use of  a prof i l ing res ist i ­

v i ty  survey and the ut i l izat ion of  a metal  detector  equipped wi th coi ls  

provid ing sensi t iv ies to depths of  6.0 to 10.0 feet .  In addi t ion,  a care­

fu l  observat ion of  the s i te was made.  Consol idat ion of  mater ia l  incor­

porated in  the t renches has occurred and has resul ted in subsidence of  the 

sur face at  several  locat ions over the t renchs.  Locat ions where d is t inct  

subsidence was noted were establ ished and these locat ions are shown in  the 

at tached s i te p lan.  
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Resist iv i ty  Survey 
I 

I 

The res is t iv i ty  survey conducted consisted of  a prof i l ing survey ut i l iz ing 

a f ixed e lectrode spacing.  A Soi l  Test  Strata-Scout  Model  R40C res is t iv i ty  

meter  was u t i l ized.  Al l  res is t iv i ty  tests were conducted ut i l iz ing a 

Wenner Electrode conf igurat ion using a f ixed electrode spacing of  8.0 feet .  

The Wenner conf igurat ion consists of  four  e lectrodes,  equal ly  spaced on the 

survey l ine.  The inner two e lectrodes serve as potent ia l  e lectrodes.  Upon 

appl icat ion of  a contro l led,  a l ternat ing current  to the two outer  e lectro­

des,  a theoret ica l  equal  potent ia l  l ine of  e lectr ica l  act iv i ty  is  induced 

around each e lectrode.  The ef fect ive depth of  invest igat ion of  the 
I 

res is t iv i ty  survey is  the funct ion of  e lectrode spacing and for  , the Wenner 

conf igurat ion,  the depth of  invest igat ion is  approximately equal  to  the 

spacing,between indiv idual  e lectrodes.  The purpose of  the invest igat ion 

was to  i ident i fy  la tera l  extent  of  the t renches and areas where con­

centrat ion of  the waste products ex is t .  To provide th is  informat ion,  the 

e lectrode spacing was set  a t  8.0 feet  to bet ter  def ine var iat ions wi th in 

th is  depth and to minimize inf luence of  var iat ions in soi l  and ground water  

condi t ions below the t rench area.  

A to ta l .of  14 gr id l ines were establ ished in the disposal  s i te  wi th the 
i  

l ines being or iented approximately paral le l  to  the t renches.  Gr id l ines 

were establ ished in the f ie ld by of fsets f rom the fence l ine located imme­

d iate ly  east  of  Trench 5.  Referencing of  gr id l ines in  th is  manner was 

in tended to bet ter  a l low integrat ion of  the non- int rus ive invest igat ion 

wi th the s i te survey current ly  in  progress.  Gr id l ines were spaced at  8.0 

foot  in tervals f rom east  to  west  across the t rench locat ions.  To,  provide 

bet ter  def in i t ion,  addi t ional  survey l ines on 4.0 foot  spacings 1 were 

establ ished | in  the v ic in i ty  of  Trenches 4 and 5.  On each of  the survey 

l ines,  res is t iv i ty  readings were obta ined on 8.0 foot  in tervals wi th the 
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apparent  res is+i -

o lec+rode array.  

Dur ing the in i t ia l  phase of  the res ist iv i ty  survey,  sur f ic ia l  soi ls  were 

re lat ive ly dry and adequate e lectrode,  contact  could not  be establ ished.  To 

develop e lectr ica l  cont inui ty ,  i t  was necessary to  pour water  adjacent  to  I  

each e lectrode.  A ca l ibrat ion area was establ ished southeast  of  the t rench j 
]  

locat ions and at  a suf f ic ient  d is tance to be beyond the Inf luence of  

mater ia ls  wi th in the t rench.  Resist iv i ty  measuranents were taken at  th is  I  
i 

locat ion dai ly  to evaluate possib le Inf luences of  var iat ions in soi l  
i f  

moisture and other  possib le var iat ions.  The res is t iv i ty  survey was 

suspended at  several  t imes due to  ra in and whi le moisture contents in  the 

sur f ic ia l  soi ls  increased to a point  that  e lectr ica l  conduct iv i ty  could be 

establ ished wi thout  the addi t ion of  water  adjacent  to  the electrodes,  i t  

appears that  th is  was a sur face ef fect  as only a minor var iat ion in 

res is t iv i ty  was determined at  the standardizat ion point .  

Several i  o f  the survey l ines were located in c lose proximi ty  and paral le l  to  

the exist ing fence surrounding Trenches 4 and 5.  Apparent  res is t iv i ty  

determined adjacent  to  the fence and at  locat ions beyond the inf luence of  

the t rench were of  the same order of  magni tude as res is t iv i ty  measurements 

made at  the cal ibrat ion point  and at  other  locat ions wel l  outs ide the 

inf luence of  t renches and away f rom the fences.  I t  is  probable that  the 

low moisture content  of  sur f ic ia l  soi ls  tended to reduce the inf luence of  

the fence by s igni f icant ly  increasing the res istance between the soi l  and 

the steel  posts.  Also,  a major i ty  of  the survey l ines In the immediate 

v ic in i ty  of  the fence were completed pr ior  to the per iod of  precip i tat ion 

and whi le moisture content  of  sur f ic ia l  soi ls  were qui te low. 

i 
i i i  
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e lectrodes being or iented on the respect ive l ines.  The 

v i ty  obta ined was assumed to bo at  the mid-point  of  the 
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MetaI  Detector  

The metal  detector  ut i l ized was a Garret  EDS 1 detector  wi th two 12 by 16 
i  

inch coj ls  to provide greater  depth of  resolut ion.  The detector  equipped 

wi th these coi ls  is  capable of  detect ing large metal l ic  masses at  depths of  

up to 10.0 feet .  To provide a means of  ca l ibrat ion,  s ix  barre ls  were 

bur ied at  contro l led depths outs ide the t rench areas.  Top of  barre ls  were 

a t  depths of  4.0,  6.0 and 8.0 feet .  At  each depth,  one barre l  was or iented 

wi th i t 's  axis in  a ver t ica l  p la in and the other  barre l  was located wi th 

the axis hor izonta l .  The excavat ions were backf i l led to or ig inal  grade.  

Barre ls  bur ied at  depths of  4.0 feet  were located by the detector ,  however,  

barre ls  located at  depths of  6.0 and 8.0 feet  could not  be detected.  

Response of  the detector  to  bur ied metal l ic  objects is  s igni f icant ly  

inf luenced by length of  t ime of  bur ia l .  I ron oxide associated wi th rust ing 

of  bur ied ferrous mater ia ls  d i f fuses into the adjacent  so i l  and s igni f i ­

cant ly  increases the response of  the detector .  A very pronounced response 

to  the detector  was obta ined in the t rench areas.  This greater  level  of  

response as compared to the test  locat ion may be at t r ibuted to a h igher 

concentrat ion of  metal  or  that  more extensive oxidat ion of  these mater ia ls  

has occurred.  Where response of  the detector  occurred,  the response was of  

such a magni tude that  only la tera l  extent  of  the bur ied metal l ic  objects 

could be def ined and locat ion of  indiv idual  barre ls  or  objects was not  

possib le.  The la tera l  l imi ts  of  areas indicat ing the presence of  bur ied 

metal l ic  mater ia l  were f lagged and subsequent ly  referenced to the east  and 

south fence l ines.  

ANALYSIS AND CONCLUSIONS 

Metal  Detector  and Si te Observat ions 

The metal  detector  was .u t i l ized throughout  the t rench areas to ident i fy  

areas having bur ied metal l ic  mater ia ls .  At  a major i ty  of  the locat ions,  a 

-5-
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very prounounced responso was obta ined.  Locat ion of  response points are 

presented on Figure 1.  The symbols u t i l ized denote the d i rect ion from the 

point  where a d is t inct  response to metal l ic  objects was obta ined.  In 

general ,  the response obta ined was of  such a magni tude wi th in the respec­

t ive areas that  ident i f icat ion of  indiv idual  barre ls  or  objects was not  

poss i  b le.  

V i s u a l  ' S i t e  S u r v e y  1  

As previously d iscussed,  subsidence of  mater ia l  wi th in the t renches was 

ev ident  at  several  locat ions.  The observed subsidence ranged f rom approxi ­

mately 6 to 18 inches.  Areas exhib i t ing d is t inct  subsidence were iden­

t i f ied in the f ie ld.  Locat ion of  these l ines were referenced to the east  

and south fence l ine and are presented on Figure 1.  The dashed l ine repre­

sents l ines along which subsidence is  readi ly  apparent .  At  a major i ty  of  

the locat ions,  the observed subsidence c losely approximates areas where 

metal l ic  objects were ident i f ied by the metal  detector .  At  several  loca­

t ions,  var iat ions exist  and may be re lated to the presence of  non-metal l ic  

mater ia ls  in  the t rench.  
I 

S i te Resist iv i ty  Survey ' 

Approximately 500 measurements of  res is t iv i ty  were obta ined throughout  the 

s i te.  Measurements were taken on 8.0 foot  centers a long each of  the survey 

l ines wi th in i t ia l  measurements being taken approximately 14.0 feet  f rom 

the south fence l ine.  Survey l ines were located on 8.0 foot  centers except  
i 

in  the v ic in i ty  of  Trenches 4 and 5 where a 4.0 foot  spacing was u t i l ized.  

Resist iv l l ty  determinat ions were made a long each survey l ine to the nor th 
1 I I , 

we I  I  beyond the t rench area* 
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The res is t iv i ty  device is  read , d i  rect I  y in  Ohrns and may be converted to 

apparent  res is t iv i ty .  For the Wenner conf igurat ion of  e lectrodes,  apparent  

res is t iv i ty  for  any e lectrode spacing may be obta ined by the fo l lowing 

re lat ionship.  

I 

=  2ya V 

i '  I  

I f  a is  in  feet  instead of  meters,  P- 191 a )L 

where V is  in vol ts ,  I  is  In amps and P is  in  Ohrn-cent imeters.  By 
V Ohms law, res is tance R = — i  

1 I  

where V is  the induced vol tage and I  is  the resul tant  current  f low.  Since 

a uni form electrode spacing of  8.0 feet  was u t i l ized for  a l l  res is t iv i ty  

determinat ions,  res is t iv i ty  for  a speci f ic  measurement could be obta ined by 

the ' foI  lowing re lat ionship.  

/ *  = 1530R 

i  .  
I  '  

where R is  the measured,  res is tance ut i l iz ing the Wenner conf igurat ion.  

A prof i le  survey was u t i l ized to evaluate var iat ion in res is t iv i ty  across 

the js i te.  Presence of  metal l ic  drums, water ,  and other  compounds,wi th in 

the t renches would in f luence the res ist iv i ty  wi th in a g iven area.  

Var iat ions in observed res is t iv i ty  would therefore be indicat ive of  a con­

centrat ion of  mater ia l  wi th in the t renches and would a id in  def in ing loca­

t ion of  t renches and concentrat ion of  bur ied compounds.  AM readings 

obta ined were p lot ted at  the respect ive test  locat ion and contours of  equal  

-7-
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res is tance were developed.  These contours are presented in  Figure 2.  

Actual  values of  res is t iv i ty  for  each of  the p lot ted contours are presented 

on the at tached table.  In general ,  measured res istances wel l  outs ide the 

inf luence of  the t renches range,  f rom 150 to  400 Ohms ( res is t iv i ty  -

230x10^ to  611x10-^ Ohm-cent imeter) .  Measured res istances wi th in the imme­

d iate t rench area were general ly  less than 60 Ohms (92 x 

103 Ohms-cent imeter)  wi th the lowest  observed res is t iv i ty  being approxima­

te ly  6 Ohms (9 x 10^ Ohms-cent imeter) .  

As may be noted on the contours of  equal  res is tance,  locat ions indicat ing 

res istance of  less than 20 Ohms (30 x J 0-3 Ohm-cent  i ineters)  are general ly  

indicat ive of  areas conta in ing greater  quant i t ies of  bur ied waste mater ia ls  

and ^general  are located wi th in t rench areas def ined by the metal  detec­

tor  and s i te observat ion.  To bet ter  def ine the zones of  lower res is tance,  

contours of  equal  res is tance for  both 20 and 40 Ohms are presented on 

F igure 3.  

1 1 I  

SUMMARY , I  
•  ] •  

A considerable amount  o f  bur ied mater ia l  appears to  be present  in  Trench 5 

between d is tances of  25 and 85 feet  f rom the south fence l ine.  Based on 

condi t ions detected by the metal  detector  and s i te observat ion,  i t  appears 

that  Trench 5 extends over a d is tance of  approximately 8.0 feet  to 120.0 

feet  f rom the south fence l ine which covers a greater  d is tance that  indi ­

cated by the res ist iv i ty  survey.  I t  is  probable that  excavat ion of  the 

t rench required access ramps at  e i ther  end and that  maximum t rench depth 

ex isted only wi th in the centra l  por t ion of  the t rench.  Dur ing f l l l ing of  

the t rench,  barre l  r ings and other  metal l ic  objects could have been bur ied 

on the access ramp which would account  for  response of  the metal  detector  

in  these locat ions whi le the main concentrat ion of  metal l ic  objects and 
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other mater ia ls  in f luencing res ist iv i ty  would be wi th in the centra l  por t ion 

of  the t rench.  Also,  ground water  co l lect ing in the t rench could he con­

centrated pr imar i ly  in  the centra l  por t ion.  

In the centra l  por t ion of  Trench 5,  the area of  low res istance extends west  

o f  the t rench l imi ts  def ined by sur face subsidence and the metal  detector .  '  

Trench 5 is  in  c lose proximi ty  to Trench 4 in  th is  area and s loughing of  

the excavat ion may have occurred.  

With in Trench 4,  only l imi ted areas having low res is t iv i t ies were observed 

at  the southern end of  the t rench wi th these areas being located pr imar i ly  

between d is tances of  24.0 and 82.0 feet  f rom the south fence l ine.  Between 

d is tances of  82.0 feet  and 140.0 feet  s igni f icant ly  h igher res istances were 

obta ined and would tend to indicate a d iscont inui ty  in  the mater ia l  present  

wi th in the t rench.  Also,  depth of  t rench at  th is  locat ion may be s igni f i ­

cant ly  less.  With in Trench 4 a t  d is tances of  140 to  320 feet  f rom the 

south fence l ine a s igni f icant  area exhib i t ing low res is t iv i ty  was encoun­

tered.  With in th is  area,  sur face observat ions for  Trench 4 indicate a 

s l ight  change in  d i rect ion to the east .  Trench 3 located immediate ly  east  

of  the fence l ine also diverges to the east  in  th is  area.  I t  appears that  

excavat ion for  Trench 4 may have extended in to the excavat ion for  Trench 3 

land over lapping of  the t renches may account  for  the more extensive zone of  

low res is t iv i ty .  An addi t ional  factor  may contr ibute to the extensive zone 

of  low res is t iv i ty  in the v ic in i ty  of  Trenches 4 and 3.  As previously 

d iscussed,  the disposal  s i te  is  located along a r idge,  however,  ground e le­

vat ions in  the south hal f  o f  the s i te general ly  s lope to the nor th and 

ground sur face in the nor th hal f  of  the s i te s lopes to the south.  The low 

point  ex is ts approximately 160 to  200 feet  nor th of  the south fence l ine 

wi th in the area of  low res is t iv i ty  observed in  Trench 4.  Surface 
I  

topography may therefore,  increase in f i l t rat ion of  sur face water  in  th is  
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area.which could inf luence the observed res is t iv i ty .  Compar ison ;of  the 
I 

area of  low res is t iv i ty  to the s i te survey could a id in evaluat ing th is  

condi t ion.  
i 

Resist iv i t ies observed in  the south hal f  of  Trench 3 were s igni f icant ly  

h igher than observed in  Trenches 4 and 5.  Whi le the metal  detector  indi ­

cated the presence of  bur ied metal l ic  mater ia ls ,  the re lat ive extent  and 

response was less than observed in  other  t rench locat ions.  The h igher 

res is t iv i ty  readings observed in  th is  area may be a resul t  of  less waste 

product  being present  or  t renches being of  a shal lower depth.  As pre­

v iously d iscussed,  Trench 4 appears to  impinge on Trench 3 at  a d is tance of  

200 feet  f rom the south fence l ine and s igni f icant ly  lower res is t iv i t ies 

were observed in  th is  area.  

Based on s i te observat ions and response of  the metal  detector ,  Trench 2 

appears to  be located wi th in an area of  f rom 120 to  300 feet  f rom the south 

fence l ine.  Resist iv i t ies observed in  th is  area were general ly  h igher and 

would tend to indicate re lat ive ly shal low t rench depth or  that  iov/er  con­

centrat ions of  waste products ex is t  wi th in th is  t rench l ine.  

I • • 

Based on s i te observat ions,  Trench 1 begins approximately 200.0 feet  nor th 

of  the fence l ine and cont inues approximately 200.0 feet .  This t rench is  

located immediate ly  adjacent  to  the top of  s lope and i t  appears that  excess 

soi l  associated wi th the t rench excavat ion has been pushed over the edge of  

the s lope.  As indicated on Figure 3,  low res is t iv i ty  readings were 

obta ined'  in  Trench 1 a t  d is tances of  240 to 400 feet  f rom the south fence 

l ine.  Zones of  low res is t iv i ty  appear to  extend west  of  the t rench l ine as 

def ined by s i te observat ion and the metal  detector .  This deviat ion may be 

indicat ive of  la tera l  movement of  mater ia ls  in  the t rench at  th is  locat ion.  

! -10"  
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I t  appears that  the scope of  work for  the int rus ive phase of  the explora­

t ion can be establ ished based on the res is t iv i ty  informat ion presented in  

Figure 3.  Major  areas of  concern would be the centra l  por t ion of  of  Trench 

5 and local ized areas in  the south end of  Trench 4.  The nor th end of  

Trenches 4 and 3 should a lso be evaluated to def ine the type and extent  of  

mater ia ls  wi th in th is  area.  Insta l la t ion of  moni tor ing wel ls  a long the 

west  ecige of  the disposal  s i te  at  a d is tance of  200 to  250 feet  f rom the 

south fence l ine should a lso be considered.  Lower res is tances observed in  

th is  area may indicate latera l  migrat ion of  ground water  in  th is  area.  

Resist iv i t ies observed to the east  of  the t renches were a l I  qui te h igh 

indicat ing a low potent ia l  for  ground water  migrat ion through th is  area at  

the depths evaluated.  

GENERAL , 

The analys is  and conclusions presented in th is  report  are based upon the 

data obta ined f rom the nonintrus ive survey and f rom any other  in format ion 

d iscussed in th is  report .  This report  does not  ref lect  any var iat ions 

which may occur across the s i te and such var iat ions may not  become ev ident  

unt i l  in format ion developed by the int rus ive invest igat ion can be eva-

Iuated.  

This report  has beon prepared for  the exclus ive use of  our  c l ient  for  spe­

c i f ic  appl icat ion to the pro ject  d iscussed and has been prepared in  ac­

cordance wi th general ly  accepted engineer ing pract ices.  No other  warranty,  

expressed or  impl ied,  is  made.  

- I  I -
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